Abstract: The field of minimally invasive neurosurgery has evolved rapidly in its indications and applications over the last few years. New, less invasive techniques with low morbidity and virtually no mortality are replacing conventional neurosurgical procedures. Providing anesthesia for these procedures differs in many ways from conventional neurosurgical operations. Anesthesiologists are faced with the perioperative requirements and risks of newly developed procedures. This review calls attention to the anesthetic issues in various minimally invasive neurosurgical procedures for cranial and spinal indications. Among the procedures specifically discussed are endoscopic third ventriculostomy, endoscopic transsphenoidal hypophysectomy, endoscopic strip craniectomy, deep brain stimulation, video-assisted thorascopic surgery, vertebroplasty and kyphoplasty, cervical discectomy and foraminectomy, and laparoscopically assisted lumbar spine surgery.
C oncomitant with technological advances in imaging, computing and optics over last few decades, the field of minimally invasive neurosurgery (MIN) has evolved rapidly in its indications and applications. This has influenced the way neuroanesthesia care is delivered to neurosurgical patients from the preoperative interaction through the interventional procedure to the postanesthetic care unit. Although some goals of anesthetic management for patients undergoing MIN are similar to those for open surgery, anesthetic practice must also recognize the potentially novel consequences and management implications of MIN interventions. The aim of this review is to survey the scope of various cranial and spinal minimally invasive neurosurgical procedures, focusing on perioperative anesthetic considerations.
BACKGROUND AND GENERAL GOALS FOR ANESTHETIC MANAGEMENT
The potential benefit of MIN results from enhanced patient safety, shorter hospital stay, reduced invasiveness, and lower postoperative morbidity compared with open surgical procedures. Table 1 describes the most common indications for MIN. General goals for anesthetic management are to (a) keep the patient immobile, (b) ensure safe, rapid emergence for prompt neurologic assessment, (c) minimize postoperative complications, (d) facilitate intraoperative neurophysiologic monitoring techniques, and (e) collaborate in the management of intracranial pressure (ICP).
Whether the procedure requires general anesthesia or monitored anesthesia care (MAC), preoperative evaluation should be as thorough and comprehensive as for other surgical procedures. Immobility is crucial to the success of MIN procedures. The choice of neuromuscular blocking drugs and the methods for monitoring of their effects are critically important, as immobilization must be complete yet also rapidly reversible. Head fixation is required for some procedures, and movement while in head pins must be scrupulously avoided. Procedures are of variable duration depending on the neuropathology being treated. It is generally more difficult for the anesthesiologist to keep track of surgical progress in MIN than conventional craniotomy. It is imperative that the anesthesia team maintain a dialogue with their surgical counterparts about the progress of the procedure, while also closely observing the surgical video screens, the surgical field, and the neurologic and anesthetic monitoring systems.
MINIMALLY INVASIVE CRANIAL SURGERY Neuroendoscopy
Neuroendoscopy is increasingly applied in the treatment of noncommunicating hydrocephalus and intraventricular pathology. Recently published patient series from multiple centers have reported a low rate of operative mortality (0%-1%); however, the incidence of intraoperative and postoperative complications has varied widely from 5% to 30%. [1] [2] [3] The technique employs burr hole access to the cranium with a rigid or flexible scope placed through the frontal cortex into the ventricle (Fig. 1) . Adequate visualization requires continuous irrigation of the ventricles with warmed normal saline or lactated ringers accompanied by drainage of cerebrospinal fluid (CSF) and irrigating fluid through the scope or the burr hole. The procedure has been successfully used for third ventriculostomy, tumor biopsy, cyst removal and fenestration, and fulguration of the choroids plexus. The technique has had its greatest application in the treatment of noncommunicating hydrocephalus by third ventriculostomy. The surgeon establishes a connection between the third ventricle and the subtentorial subarachnoid space by endoscopically fenestrating the floor of the third ventricle (see Fig. 1 ). The surgical risk of third ventriculostomy is approximately 5% for significant morbidity 4 with an overall success rate of 60%-90%. 5, 6 Preoperative Concerns
Patients presenting for ventriculostomy may have prior shunt placements with existing shunt tubing routed from the cranium to peritoneal, pleural, or central vascular locations. Patients with hydrocephalus or a primary lesion resulting in obstruction of CSF pathways may present with symptoms of elevated intracranial pressure (ICP) such as vomiting, headache, confusion, or obtundation. Patients presenting with prolonged nausea and vomiting may have significant dehydration or electrolyte abnormalities requiring correction prior to surgery. The patient's neurologic status and examination should be documented prior to induction. Patients may present with varying levels of consciousness depending upon the intracranial pathology and severity of hydrocephalus. Preoperative sedatives should be used with caution and are best avoided in patients with depressed consciousness.
Intraoperative Concerns
Although the burr hole approach to neuroendoscopy makes it amenable to local anesthesia and sedation, general anesthesia is preferable to ensure immobility. After induction, the patient is positioned in neurosurgical head pins and the anesthesia team is at the patient's side (Fig. 2) . Delayed emergence has been reported to occur in up to 15% of patients undergoing neuroendoscopy. 2 Therefore, benzodiazepines or other agents that may contribute to prolonged postoperative sedation are avoided. The anesthetic goals should center on intraoperative immobilization, cardiovascular stability, and rapid emergence for early neurologic examination. Shunt location should be determined, when central line placement is required, as unintended puncture of the peripheral shunt tubing may occur otherwise. Nitrous oxide poses the risk of diffusion into and expansion of ventricular air bubbles and should not be used. The burr hole incision creates minimal postoperative pain, and small doses of short-acting narcotics are appropriate.
Despite the minimal brain penetration required by the endoscope, the pressure generated by the continuous irrigation system can create significant intraoperative events due to intracranial circulatory insufficiency. 7 Measuring the pressure inside the neuroendoscope is technically easy and may be helpful because it has been shown to correlate with ICP and cerebral perfusion pressure. 2, 7 Cardiovascular instability, bradyarrhythmias, and ventricular irritability are the most frequently reported, occurring in 28-32% of patients. 2, 3 These events are thought to be generated by heightened autonomic output in response to brain shifts generated by ICP changes related to irrigation and CSF drainage and/or to irrigation jets directed at hypothalamic nuclei. 8 The majority of these events are self-limiting and rapidly improve with release of ICP on removal of the endoscope and drainage of irrigant from the burr hole. However, severe bradycardia leading to cardiac arrest requiring cardiopulmonary resuscitation has also been reported. 9, 10 Intraoperative bradycardia and postoperative hyperkalemia can occur possibly owing to distortion of the posterior hypothalamus. 11 It is important to understand that the type and amount of irrigating fluid can affect the CSF composition, which might cause increase in postoperative morbidity particularly in long-lasting neuroendoscopic procedures. 12 Significant intraoperative bleeding can occur from vessel injury and may require abandonment of the procedure secondary to poor visualization. Injury to the basilar artery or perforating artery is the most feared surgical complication during third ventriculostomy, and has resulted in intraoperative death. 1, 13 Pneumocephalus and transient herniation syndromes due to CSF drainage and irrigation have also been reported. 4 A pre-existing patent ventriculoatrial shunt could theoretically predispose to venous air embolism (VAE) if pneumocephalus develops after endoscopy. If bleeding cannot be controlled, emergent conversion to open craniotomy should be anticipated and appropriate preparations made.
Postoperative Concerns
Mounting experience demonstrates that close postoperative monitoring is imperative in patients following neuroendoscopy.
Transient neurologic deficits are the most common postoperative complication occurring in 8-38% of patients. 1, 2 Common problems in the immediate postoperative period include delayed emergence, hyperkalemia, 11 confusion, transient pupillary dysfunction, transient hemiplegia, and memory loss. 1, 2, 14 High pressure levels inside the endoscope are reportedly associated with delayed arousal and a higher rate of postoperative complications. 2 Careful control of irrigating pressure therefore may reduce postoperative risk. Respiratory arrest has been reported in infants during the first hours after neuroendoscopy, necessitating the use of apnea monitors. 15 Postoperative monitoring of serum electrolytes is warranted as diabetes insipidus and hypothalamic dysfunction have been reported in multiple series. 1, 14, 16 Late infectious complications such as meningitis or ventriculitis have significantly contributed to morbidity, and patients should be monitored for signs of CNS infection.
1,3

Endoscopic Transsphenoidal Hypophysectomy
This is a minimally invasive method to gain surgical access to the pituitary gland without brain retraction (Fig. 3) . Either incisions are made either sublabially or the dissection is carried out entirely intranasally. This approach is associated with lower morbidity (injury to optic chiasm and frontal lobes, diabetes insipidus) and mortality when compared with open craniotomy via the subfrontal approach and is cosmetically more acceptable as no scars are involved. 17 A wide and more clear surgical view, decrease in length of hospital stay, reduced need for nasal packing, and a relatively short operating time especially for recurrent cases have been reported. 18, 19 Preoperative Concerns
The patient with pituitary disease requires careful preoperative evaluation to exclude the presence of panhypopituitarism, acromegaly, Cushing disease, and hypo-or hyperthyroidism. The endocrinologic evaluation should be studied in detail. Preoperative preparation may require administration of glycopyrrolate to decrease airway secretions if fiberoptic airway instrumentation is deemed necessary for acromegalic patients, administration of replacement hormones in patients with panhypopituitarism, and careful attention to the potential for preoperative electrolyte and metabolic (hyperglycemia) abnormalities.
Intraoperative Concerns
With the transsphenoidal approach for hypophysectomy, blood pressure should be monitored closely. Severe hypertension may occur as a result of injection/topical application of epinephrine nasally. 20, 21 Injection should be stopped immediately and esmolol and/or nitroglycerin administered. If reflex bradycardia occurs from epinephrine-induced hypertension, the urge to administer anticholinergic drugs should be resisted. There is also a need for repeated blood studies including arterial blood gases, glucose, sodium, and osmolarity to monitor endocrine disturbances. Halothane should not be used because of increased propensity for ventricular dysrhythmias with the use of epinephrine. Sevoflurane and isoflurane do not differ in their sensitization of the human myocardium to the arrhythmogenic effect of exogenously administered epinephrine and may be used safely. 22, 23 The airway may be in jeopardy on emergence because of nasal packing or acromegalic features, especially large tongue, and excessive intraoperative narcotization is undesirable. Hemorrhagic complications during endoscopic transsphenoidal surgery are similar to those of a microsurgical transsphenoidal approach. 24 Major intraoperative bleeding leading to formation of pseudoaneurysm of the internal carotid artery has been reported. 25 
Postoperative Concerns
Emergence from anesthesia should be rapid to allow assessment of visual function and accomplished with minimal coughing to avoid bleeding. Nevertheless, premature extubation must be avoided. Patients are at risk for aspiration of blood pooled into the pharynx and stomach during surgery. The airway may be obstructed from laryngospasm or obligate nasal breathing, requiring the use of artificial airway devices. Several cases of negative pressure pulmonary edema have been reported with these procedures. The presenting signs of acute hematoma (sudden blindness and ophthalmoplegia along with loss of consciousness and hypotension) should be carefully monitored in immediate postoperative period. Diabetes insipidus is uncommon with this approach and is generally a transient phenomenon.
Endoscopic Strip Craniectomy
The development of endoscopic surgery has advanced markedly in recent years, especially for the treatment of craniosynostosis in infants. The concept of using minimally invasive surgery to remold the skull is not new and dates back to the early part of the century when neurosurgeons performed strip craniectomies to remove abnormal, premature suture fusions. Today the endoscopic cranial vault remodeling technique involves more than a simple strip craniectomy through a small endoscopic port. It is a wide sutural excision combined with lateral osteotomies and osteoectomies that allow for normalization of the cranial skeleton. The endoscopic surgery is combined postoperatively with helmet molding therapy to normalize calvarial form completely.
Endoscopic cranial vault remodeling has several distinct advantages over conventional reconstruction techniques. The endoscopic approach reduces scarring and alopecia risks and decreases operative time, blood loss, and hospital stay. Mean operative time is less than 1 hour compared with approximately 3 hours with the conventional open approach. Instead of a typical 5-day postoperative course with an intensive care admission, endoscopic patients are being discharged on the first postoperative day 26 . More than 90% of patients undergoing open calvarial surgery require transfusion 27 compared with 10% with endoscopic treatment. 26 Shorter operative time, reduced hospital stay, fewer blood products, and the elimination of internal plating systems all add up to decreased overall cost of the procedure. The disadvantages of endoscopic procedures are that the surgery needs to be performed at a young age, preferably before 4 months. This is because the cranial bones are thin enough to allow osteotomies with endoscopic shears. In addition, there is less bleeding with bone cutting due to the underdevelopment of the cancellous space between the two cortices of the skull. Last, there is the added expense of the cranial orthotic molding helmet as well as the prolonged and frequent postoperative follow-up (8-15 months) with endoscopic surgery patients to insure cranial form is normalizing.
Preoperative Concerns
Patients presenting for endoscopic strip craniectomy are usually under 6 months of age. Ideally, the surgery should be scheduled past the physiologic nadir of the infant's hematocrit, which occurs between the second and third month of life. Some centers give recombinant erythropoietin at a dose of 600 IU/kg/week for 3 weeks prior to surgery to build up the preoperative hematocrit. 28 Preoperative laboratory analysis should include a baseline complete blood count. Whereas blood loss and blood transfusions are significantly decreased with endoscopic surgery, there is always the risk for significant blood loss due to injury of the sagittal sinus. A type and screen can be sent on the day of surgery after the placement of an intravenous cannula. If the patient has had previous blood transfusions and has potential antibody formation, then a cross-match should be obtained prior to starting. Craniofacial anomalies may be associated with cardiac and other congenital anomalies. 29 Patients may also have a difficult airway, cervical spine abnormalities, cardiovascular problems, altered respiratory mechanics, gastroesophageal reflux, and other organ involvement. Undiagnosed obstructive sleep apnea syndrome might coexist and add to the perioperative morbidity in these children. 30 Butler et al provide an excellent review of complications, recommending presedation evaluations and a check list of potential problems for common and uncommon genetic disorders. 31 Associated cervical spine abnormalities are of particular importance given the patient positioning required for endoscopic strip craniectomies. Patients are placed in a modified prone position (Fig. 4) with the neck extended and supported by an inflatable bag (''sea lion'' or ''sphinx position''). This position may be contraindicated in patients with cervical spine anomalies. If a difficult airway is anticipated, fiberoptic intubation equipment and the laryngeal mask airway should be available. Pretreatment with glycopyrrolate (6-10 mg/kg) as an antisialagogue and to reduce the risk of gastroesophageal reflux may be indicated. Patients receiving anticonvulsants or other therapeutic agents should continue to take them during the perioperative period. Anticonvulsants levels should be checked for optimal dosing.
Intraoperative Concerns
The major anesthetic concerns include airway control, positioning of the patient, potential for rapid blood loss, and venous air embolization. Most infants undergo an inhalational induction followed by placement of an intravenous cannula. Optimal placement and securing of the endotracheal tube are paramount. Significant endotracheal tube displacement may occur with simple flexion or extension of the head. A few centimeters of movement may result in endobronchial intubation or accidental extubation of the patient when the patient is placed in the prone position. 32 One can advance the endotracheal tube into the right main stem and then pull back until bilateral breath sounds are appreciated. The length of the tube in centimeters at the lip should be noted when taped and rechecked when the patient is in the final position. Checking the position with a fiberoptic scope or obtaining a chest x-ray is a more accurate means of documenting endotracheal tube placement. Patient access throughout the case is limited, which mandates securing appropriate venous access and monitoring devices prior to draping the patient. An arterial line may not be needed owing to the short duration and minimal hemodynamic changes. Pressure points must be padded and pressure not placed on bony prominences or vital structures such as the eyes. 2 Due to the small size of the infant, minimal shifting of the position can cause significant changes in pressure points. VAE has been reported to occur in up to 82.6% of patients during surgical procedures for craniosynostosis. 33 By contrast, Tobias reported an incidence of 8% for VAE using precordial Doppler monitoring during endoscopic strip craniectomy. 34 None of the episodes of VAE in the minimally invasive surgery cases resulted in hemodynamic compromise. Patients should be monitored with a precordial Doppler probe throughout the case.
Postoperative Concerns
No infections, dural sinus tears, CSF leaks, or neurologic injuries 26 were reported in a representative series. Although careful monitoring is needed in the immediate postoperative period, many patients are discharged within 24 hours.
Deep Brain Stimulation
Image-guided placement of neurostimulators in the thalamus, globus pallidus (GP), and subthalamic nucleus (STN), has received considerable attention recently as an effective modality for treatment of refractory movement disorders such as Parkinson disease, dystonia, and essential tremor. Neurostimulation provides an alternative as efficacious as basal ganglia lesioning without the same risk of permanent complications. Target localization is performed with computed tomography scan or magnetic resonance imaging (MRI). The precise location of stimulator leads placement is then achieved through identification of neuronal activity characteristic of the GP and/or STN using intraoperative microelectrode recordings. The external leads are later connected to an implanted programmable pulse generator.
Preoperative Concerns
A careful assessment of the extent of the disease and coexisting medical conditions should be made, and a history of alcohol/drug abuse, claustrophobia, and previous failure of sedation should be noted. Assessment of patient's ability to cooperate in whom MAC is contemplated and explanation to the patient about each step of the procedure are absolutely necessary. If MRI will be used for the procedure, a careful history of implanted ferrous metals, pacemakers, and aneurysm clips should be obtained. The planned intraoperative position should be ascertained and the need for invasive monitoring determined based on severity of co-existing diseases and patient positioning (eg, monitoring for air embolism).
Intraoperative Concerns
During deep brain stimulation (DBS) surgery, assessment of changes in motor symptoms in response to brain stimulation is often used to guide appropriate stimulator lead placement. Worse outcome has been reported in a retrospective report of patients undergoing this procedure under general anesthesia. 35 For this reason, most DBS procedures are performed while patients are awake. Figure 5 shows the operating room set-up for this procedure at the Cleveland Clinic. The procedure is generally performed in the supine beach-chair position. Monitoring requirements should be in accordance with American Society of Anesthesiologists guidelines.
for the placement of external head frame. 37 Medications used for treatment of motor symptoms should be held in these patients overnight and on the morning of surgery. Preoperative benzodiazepines, opioids, and other sedatives can interfere with patient cooperation and eliminate movement disorders; use of these medications interferes with the interpretation of tremor and therefore should be avoided. Selective and nonselective beta-antagonists can reduce tremor intensity in patients presenting for treatment of essential tremor and should be avoided if possible. 38 Patients with dystonic movements may require anesthesia for reduction of uncontrolled movement during placement of stereotatic frames and MRI acquisition. Propofol infusion, even at sedative doses, significantly reduces uncontrolled tremor and movement in both parkinsonian and dystonic patients. Hypertension is a frequent intraoperative complication that may lead to intracranial bleeding. 39, 40 Care should be taken to maintain systolic blood pressure at the baseline 620% during the procedure and in the immediate postoperative period. The team at the author's institution uses propofol sedation only for burr-hole placement intraoperatively. Alternatively, a low-dose infusion of propofol combined with remifentanil may be employed. All anesthetics are avoided during neuronal microrecording. Intraoperatively venous air embolism, 41, 42 pneumocephalus, and seizures have also been reported to occur. 43 
Postoperative Concerns
Postoperative monitoring may be warranted and should be considered even in patients receiving limited intraoperative anesthesia for stereotactic procedures. Retrospective series have reported the perioperative complication rate of surgical stereotactic treatment of movement disorders to be 3-5%, with intraparenchymal hematoma as the most common complication. 44 Confusional symptoms have been reported in postoperative period in 15% of parkinsonian patients after DBS in one series. 45 Parkinsonian patients should receive their medications as soon as possible postoperatively to avoid motor fluctuations that could confound postprocedural neurologic deterioration or impair respiratory muscle strength needed to clear secretions.
MINIMALLY INVASIVE ENDOSCOPIC SPINE SURGERY
Spinal endoscopic techniques have emerged as an alternative to open reconstructive surgery and decompression of the thoracolumbar spine and for treating spinal trauma. Common indications are given in Table 1 . The endoscopic approach reduces the amount of muscle dissection required for access to the spine and thereby decreases postoperative pain, recovery time, and hospital stay. 46 
Video-Assisted Thoracoscopic Surgery
Video-assisted thoracoscopic surgery (VATS) has primarily been used for diagnostic and ablative surgery on the lungs and pleura. However, anterior thoracic spine release and fusion for scoliosis/kyphosis or spine trauma are now being accomplished through VATS as an alternative to open thoracotomy, as is thoracic sympathetic ganglionectomy for hyperhidrosis. After anterior release, conventional posterior spinal fusion may be added in a combined anterior and posterior approach. The advantages of the minimally invasive approach to the spine are less operative time, 47 less acute postoperative pain, improved respiratory function, and a faster functional recovery when compared with conventional procedures. 
Preoperative Concerns
Physicians should be cautioned against equating minimally invasive procedures with low perioperative risk. Blood loss, perioperative physiologic stress, and postoperative complications vary significantly with the type of minimally invasive spinal surgery performed. Thoracoscopically and laparoscopically assisted scoliosis correction, multilevel spinal fusions, and thoracic corpectomies should still be considered intermediate-to high-risk procedures. Preoperative evaluation must take into consideration how well patients requiring thoracoscopy will tolerate the significant cardiopulmonary effects of one-lung ventilation. Patients with long-standing idiopathic or neuromuscular kyphoscoliosis should be evaluated for restrictive lung disease and associated congenital anomalies. Some neuromuscular diseases predispose to a higher risk of malignant hyperthermia. Patients with spinal pathology associated with connective tissue disorders should be screened for systemic manifestations of the disease such as coagulation abnormalities, fibrotic lung disease, pulmonary hypertension, and cervical spine pathology.
Intraoperative Concerns
Anterior thoracic spine release through VATS is usually performed in the lateral position. The operating room arrangement for VATS is shown in Fig. 6 . One-lung ventilation is required as the surgeon's view through the endoscope is obliterated by the nondeflated lung. The possibility of proonged one-lung ventilation should be anticipated during anterior release and multiple-level fusions. Nitrous oxide should be avoided. A double-lumen endotracheal tube or bronchial blocker is used to isolate the lung. Double-lumen tubes may be difficult to place in patients with significant thoracic kyphosis because of tracheobronchial distortion.
Combined anteroposterior fusions may require changing the double-lumen to a single-lumen tube in anticipation of placing the patient in the prone position. This creates an inherent risk of loss of the secured airway. The alternative is to withdraw the bronchial portion of the double-lumen tube into the trachea, but has the disadvantage of potential tube malposition during prone ventilation. The authors therefore prefer to change to a single-lumen tube using a tube exchanger or use a bronchial blocker for the lateral portion of the case. Anesthetic and muscle relaxant restrictions required for somatosensory and motor evoked potential monitoring 49, 50 can make it difficult to avoid patient coughing from carinal stimulation due to the double-lumen tube. Remifentanil is useful in this situation to improve depth of anesthesia and tolerance of the endotracheal tube 51 and prevent patient movement. 52 Unintentional entry into large blood vessels and viscera may occur. Both the anesthesia and the surgical teams must be prepared for rapid conversion to open thoracotomy in case of difficulty with surgical hemostasis. The prophylactic placement of arterial and venous access lines is advocated, and blood should be available. Risk of blood loss with various VATS procedures is described in Table 3 .
Postoperative Concerns
Intercostal neuralgia, pneumothorax, and Horner syndrome have been reported after thoracoscopic procedures. 53 Pulmonary complications such as atelectasis may be sufficiently severe to prolong hospitalization. 54 Proper attention should be directed to appropriate chest tube management and assurance of good pulmonary toilet.
Kyphoplasty and Vertebroplasty
Kyphoplasty and vertebroplasty are similar minimally invasive percutaneous procedures developed to treat osteoporotic and osteolytic fractures of the thoracic and lumbar vertebrae. The procedures reduce pain through cementing of the fractured vertebrae with polymethylmethacrylate to reduce movement of bony fragments. Kyphoplasty is slightly more invasive than vertebroplasty in that balloon tamps are used to re-expand the vertebrae to their original height and create a potential space prior to cement application. Both procedures have shown short-term benefits in pain relief. 55 
Preoperative Concerns
Although minimal incision and lack of significant fluid shifts make this procedure a low surgical risk, the patient population presents substantive anesthetic risk because of multiple comorbidities including end-stage cardiopulmonary disease, which require careful preoperative medical assessment and optimization. Many patients have osteoporosis secondary to long-standing steroid-dependent pulmonary or systemic inflammatory disease. Preoperative pulmonary function should be optimized, and patients should be evaluated for the need to give stress-dose steroids. Long-term opioid use is prevalent in chronic severe back pain and is associated with substantial opioid tolerance. A perioperative plan for pain control should be established. 
Intraoperative Concerns
Both procedures can be performed under MAC anesthetic if the patient is a good candidate for monitored sedation. Disadvantages of MAC are the discomfort of prolonged prone positioning and limited airway access. Patients with rheumatoid arthritis may have joint contractures, which do not allow the arms to be placed over the head in prone position. The authors have successfully used a padded sling under the Jackson table to support the arms in patients with severe shoulder contractures. Padding and gentle positioning are crucial in patients with severe osteoporosis. Skin lacerations and rib fractures have been reported in these patients during prone positioning. 55 The procedures require only a minimal incision and are generally well tolerated despite the illness acuity level of this patient population. However, recently rare occurrences of symptomatic pulmonary embolism and intraoperative death have been reported during vertebroplasty, 56 whereas no significant embolic events have yet been reported with kyphoplasty. A light anesthetic regimen using shortacting anesthetic agents is appropriate, aiming at rapid recovery to facilitate same-day discharge.
Postoperative Concerns
Patients are commonly discharged on the day of surgery; however, those with end-stage pulmonary disease or severe perioperative pain may warrant closer monitoring and up to 24-hour stay.
Endoscopic Cervical Discectomy and Foraminectomy
Anterior microforaminectomy has long been in use for radiculopathic conditions and has been recently been advocated to replace anterior vertebrectomy for removal of tumors located anteriorly to the spinal cord. Minimally invasive endoscopic cervical foraminectomy (MEF) is being increasingly used for cervical root decompression and results in less blood loss, shorter hospitalizations, and a much lower postoperative pain medication requirement compared with open cervical laminoforaminotomy. 57 Postoperative pain is minimal. Neither bony fusion nor a cervical brace is needed, and patients are only kept in hospital overnight. 58 The prone or sitting position may be used for posterior cervical MEF. The sitting position decreases epidural venous engorgement and has recently been shown to reduce blood loss when compared with MEF performed in the prone position. 59 Although venous air embolism has not been reported, it remains a potential risk. Other potential complications include the risk of dural puncture or nerve root injury with guide wires. 60 Injury to the sympathetic chain causing a postoperative Horner syndrome can occur during anterior cervical foraminotomy. However, the most concerning intraoperative complication with this approach is injury to the vertebral artery during drilling of the uncovertebral joint. 58 The risk of arterial injury is highest at the level of C6-C7. Vertebral artery injury requires intraoperative control of bleeding and postoperative angiographic assessment to assess for dissection or pseudoaneurysm formation. 60 
Lumbar Microdiscetomy
Patients undergoing open lumbar microdiscectomy may be considered for spinal anesthesia. 61 The surgeon needs to feel comfortable with the notion that motor function will not be assessable immediately postoperatively. Spinal anesthesia for spine surgery is virtually free of the risk of postdural puncture headache and reduces postprocedure pain, nausea, and bleeding. 62 Isobaric bupivacaine (0.5%) with epinephrine and fentanyl has been used successfully with minimal cardiovascular effect. Postoperative pain requirements after microdiscectomy depend significantly on preoperative pain severity. 63 Combination anesthetic techniques, utilizing spinal anesthesia with supplemental epidural clonidine in combination with incision site subcutaneous bupivacaine, 64 may be further beneficial for improving postoperative pain control in these patients. Epidural anesthesia has been suggested to be an important alternative to general anesthesia (GA) 65 in terms of reducing surgical times and blood loss, providing stable intraoperative hemodynamics and providing better recovery characteristics without delaying hospital discharge. Contraindications include coagulopathy, patient refusal, and lesion at the site.
Laparoscopic Assisted Lumbar Spinal Surgery
Transperitoneal or retroperitoneal laparoscopic approaches may be used to access the lumbar spine. 66 This approach has been used successfully for lumbar discectomy and anterior fusions. The laparoscopic approach to the lumbar spine requires steep head-down positioning and the use of shoulder braces, which can result in brachial neuropraxia if placed too medially. The arms are crossed and placed on the anterior chest. The usual precautions for laparoscopic procedures need to be followed and potential problems such as pulmonary barotrauma, CO 2 embolism, hypercapnia, and right main stem intubation anticipated. The bifurcation of the iliac vessels occurs around the level of the L4-L5 interspace; thus, the anterior laparoscopic approach to the lower lumbar disc spaces requires the mobilization of these vessels, increasing the risk of laceration. Surgeons have reported prolonged surgical times, which has led some to prefer a miniopen procedure to laparoscopic assistance. 67 
CONCLUSION
Minimally invasive techniques will continue to change the practice of traditional cranial and spine surgery as they evolve further. Techniques have been described that will make MIN even less invasive, while facilitating surgical accuracy and outcome. 68 Whereas it will be possible for some procedures to be performed without anesthesia, anesthesiologists may be faced with a completely different set of risk considerations for others. An overview of risks, complications, and disease factors pertaining to current MIN procedures has been provided along with guidelines for anesthetic management. Anesthesiologists can positively contribute to overall neurologic outcome through attention to the medical condition of the MIN patient, the idiosyncrasies of the surgical procedure, and a heightened awareness of specific risks intraoperatively and in immediate postoperative period.
